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We present a case of a patient with rare anatomy of a maxillary second molar with three mesiobuccal root 
canals and a maxillary third molar with four separate roots, identified using multi -slice computed topography 
(CT) and three-dimensional reconstruction techniques. The described case enriched/might enrich our knowledge 
about possible anatomical aberrations of maxillary molars. In addition, we demonstrate the role of multi -slice 
CT as an objective tool for confirmatory diagnosis and successful endodontic management. 
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Introduction 

The complexity and diversity of root canal morphology, 
particularly in multi-rooted teeth, are constant challenges 
for diagnosis and successful endodontic therapy [1]. Thus, 
it is necessary for the clinician to have a knowledge of 
root canal anatomy and its variations [2]. The maxillary 
second molar commonly has three roots (two buccal and 
one palatal); the palatal and distobuccal roots have one 
canal and the mesiobuccal root has one or two canals 
[3-7]. Variations in root anatomy have been previously 
observed. Some have reported cases of maxillary second 
molar with two palatal roots [8-9]. Approximately 0.416% 
of maxillary second molars have four roots [10]. The 
researchers [11] have reported a maxillary second molar 
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with three buccal roots. Kottoor et al [12] reported a 
maxillary second molar with five roots and five canals. 
To date, however, no one has reported the existence of 
three canals in the mesiobuccal root of the maxillary 
second molar in Xibo minority using multi-slice com- 
puted topography (CT) in endodontic therapy. 

Owing to the nature of unpredictable configurations, 
few studies have described maxillary third molar aberra- 
tions [13]. The researchers [1] have found that the 
maxillary third molar presents various root forms, 
including three fused roots (37%), two fused roots (7%), 
four fused roots (2%), and four separated roots (less than 
2%). Conventional radiographs are routinely used to 
assess root canal anatomy, but because of their inherent 
limitations, conventional radiographs cannot definitively 
locate the root canal, and hence, cannot be used in the 
management of complicated cases. As a powerful diag- 
nostic tool, spiral computed topography (SCT) has 
overcome the disadvantages of conventional radiography, 
and has attracted a great amount of attention in endo- 
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dontic therapy [14-16]. 

The purpose of this report is to present three-dimen- 
sional (3D) images of two maxillary molars with rare 
anatomical findings, and to demonstrate the role of 
multi-slice CT as a confirmatory diagnostic tool in 
endodontic management. 

Case Report 

A 40-year-old Xibo minority female patient, who had 
partial dentures and moderate periodontitis, was referred 
to our hospital for a conus crown telescopic denture. 

During root canal treatment of the abutment tooth, we 
identified a fissure on the mesiobuccal side of the pulp 
chamber floor of the right maxillary second molar be- 
tween the mesiobuccal and palatal canal orifices. After 
thoroughly probing the fissure, we identified a second 
mesiobuccal canal closely approximated to the mesio- 
buccal orifice and a third canal orifice, leading to another 
root canal of the the mesiobuccal root between MB 2 and 
the palatal canal orifice. An off-angle radiograph was 
acquired with size 15 K- files in place. The radiograph 
clearly revealed three separate canals (mesiobuccal, the 
second mesiobuccal, and the third mesiobuccal) in the 
mesiobuccal root (Figure 1A). After the working length 
was determined with the help of the apex locator, Root 



ZX (Morita, Tokyo, Japan) and a radiograph (Figure IB), 
coronal flaring for all five canals was performed with 
Gates Glidden drills. The canals were cleaned and shaped 
to Fl (mesiobuccal and distal buccal) and F2 (palatal) by 
the crown-down technique using the Protaper rotary 
instrument (Dentsply Maillefer, Ballaigues, Switzerland) 
and obturated by cold lateral compaction of the gutta- 
percha and AH Plus sealer (Dentsply Maillefer, Ballaigues, 
Switzerland). A postoperative radiograph was obtained 
(Figure 1C), but it only provided a two-dimensional 
image of the root canal, thereby resulting in superim- 
posed images. To confirm the obturation and ascertain 
the rare root canal anatomy of the maxillary second 
molar, and the status of other abutment teeth in a 3D 
manner, dental imaging with the aid of a multi -slice CT 
was planned. Informed consent was obtained from the 
patient. Axial cross-section images of the maxilla were 
obtained using a LightSpeed multi-slice CT (GE Company, 
USA). The scanning parameters were as follows: current, 
250 mA; voltage, 120 kV; helical scanning, 1.0 s- rot" 1 ; 
and slice thickness, 0.625 mm. The computed topographic 
slice images were reconstructed using a high-resolution 
bone algorithm with the GE post-processing software 
and were used as the basic data for 3D reconstruction 
(Figure 2). The areas representing the tooth were 
segmented out from each slice by using the Mimics 10.0 




Figure 1 (A) Preoperative radiograph. Location of the three root canals in the mesiobuccal root with files. (B) Working 
length determination. (C) Postobturation radiograph. 
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Figure 2 Cross-section reconstruction of the maxillary molar. (A) Coronal third section of the roots of the obturated 
maxillary second molar (arrow). (B) Middle third section of the roots of the obturated maxillary second molar (arrow). 
(C) Apical third section of the roots of the obturated maxillary second molar and third molar (arrows). 
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software (Macrovision Corporation, Santa Clara, USA). 
The primary reconstructed models in STL format were 
uploaded to Geomagic studio 8.0 (PTC, Needham, USA) 
for further refinement and thinning. The final 3D visual 
models of the teeth and root canals were obtained using 
the NX software (Siemens, Tarrytown, USA). The models 



revealed that the mesiobuccal root of the right maxillary 
second molar had three root canals, and the mesiobuccal 
and mesiocentral canals were fused at the apical third 
(Figure 3). The third molar had four separated roots 
(Figure 4). 
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Figure 3 3D reconstruction of the obturated maxillary second molar of the root canal system. (A) Mesial view of the 
root canal system. (B) Distal view of the root canal system. (C) Apical view of the root canal system. (D) 3D 
transparent model of the obturated maxillary second molar. 
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Figure 4 3D reconstruction of the maxillary third molar with four separated roots. (A) Mesial view. (B) Palatal view. 
(C) Distal view. (D) Buccal view. 



Discussion 

According to Vertucci's classification [17], there are 
eight types of root canal configurations in human per- 
manent teeth, among which type VIII and its additional 
modifications are the rarest and most complex. There are 
only a few case reports on maxillary dentition [17-22]. 
Three root canals are commonly found in the mesio- 
buccal root of the maxillary first molar and the premolar, 
but their proper diagnoses and nonsurgical endodontic 
therapy are rarely successful on the first attempt. For 
accurate diagnosis, the clinician must have a thorough 
understanding of the anatomical variations revealed by 
various detection methods. Additional off-angle radio- 
graphs and specific magnifying devices are important 
diagnostic tools for locating additional canals [2, 20-21, 
23]. Interpretation and appraisal based on a two-dimen- 
sional radiograph may alert the clinician to the presence 
of aberrant anatomy; however, these techniques do not 
provide 3D images of the teeth and are not able to 
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present the variable morphological structure of the root 
canals and their interrelations. CT scanning techniques 
reveal the variations in root anatomy through multi- 
planar reconstruction, and assist the clinician in making 
a confirmatory diagnosis. CT provides accurate posi- 
tioning, that is non-invasive, reproducible, and of high 
resolution. The reconstructed images based on CT image 
reliably represent the original structure. 

The researchers [14-16, 23-24] have reported cases of 
successful endodontic diagnosis and therapy using SCT. 
On the basis of previous reports, multi-slice CT was 
planned for a final diagnosis of the anatomic variations 
of the maxillary second molar. The 3D images of the 
three mesiobuccal root canals of the right maxillary 
second molar were reconstructed using multi -slice CT 
and 3D reconstruction techniques. Mimics 10.01 is consi- 
dered as an effective interactive digital tool for revealing, 
segmenting, and reconstructing CT images. With the 
help of Mimics, the varying morphology of root cananls 
can be reconstructed and presented from different views. 
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Furthermore, reconstructed CT images in this study 
have also revealed have another anatomic variation: four 
separate roots were identified in the right third molar. 
With an increased demand for prosthetic dentistry, reten- 
tion of the third molar may become critical for the success 
of the overall treatment plan. However, note that the 
resolution of multi-slice CT is limited, and cannot 
provided the fine structures of the periapical section 
insufficiently. With rapid advancements in sensor tech- 
nology, cone-beam computed tomography (CBCT), a new 
technique based on volumetric tomography, has increased 
accuracy and sub-millimeter resolution, and achieved 
dose reduction. 

Conclusion 

In the present case, we visualized the unusual anatomy 
of a maxillary second molar with three root canals in the 
mesiobuccal root and a third molar with four separated 
roots after 3D digital reconstruction. The multi-slice CT 
images obtained from multiple angles helped the 
clinician understand the complex root canal configura- 
tions of the abnormal teeth and increased our knowledge 
regarding possible anatomical aberrations of the maxi- 
llary molars. Findings from this study indicate that 
multi-slice CT is a valuable tool that provides accurate 
3D imaging information for the clinician in endodontic 
treatment. 
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